ABSTRACT
The Program for the Evaluation and Analysis of Residential Lighting (PEARL) is a watchdog program. It was created in response to complaints received by utility program managers about the performance of certain Energy Star lighting products being promoted within their service territories and the lack of a selfpolicing mechanism within the lighting industry that would ensure the reliability of these products and their compliance with ENERGY STAR specifications. To remedy these problems, PEARL purchases and tests products that are available to the consumers in the marketplace. The Lighting Research Center (LRC) tests the selected products against the corresponding Energy Star specifications.
This report includes the experimental procedure and data results of Cycle Three and Cycle Four of PEARL program during the period of April 2003 to October 2003, along with the description of apparatus used, equipment calibration process, experimental methodology, and research findings from the testing. The parameter tested for Cycle three is lumen maintenance at 40% rated life, and parameters tested for Cycle Four are all parameters required in Energy Star specifications except lumen maintenance at 40% rated life. LIST OF GRAPHICAL MATERIALS One of the 20 CFL models was removed from the results analysis due to the following reason: Samples received for this CFL model were actually two different models, even though the manufacturer claimed they were the same. For the remaining 19 models of CFL, 5% failed to meet Efficacy requirement, 37% failed to meet 1000-hour lumen maintenance requirement, and 28% failed Rapid Cycle Stress Test requirement. All eight indoor fixtures met System Efficacy requirement, and two failed to meet Lamp Start Time requirement. Socket Compatibility for the outdoor fixture is questionable.
INTRODUCTION
Other than the parameters included in Energy Star specifications, LRC also made observations on other quality problems related to the selected products, and made recommendations on possible modifications to Energy Star specifications.
EXPERIMENTAL Apparatus
Please refer to Appendix I of this document for description of apparatus used for testing in PEARL program. Other equipment, including the Xitron 2503AH Power analyzer and Agilent 34970A Data Acquisition Unit, was calibrated annually.
Apparatus Calibration

Product Selection
The PEARL board selected 20 product models of compact fluorescent lamps (CFLs) and nine product models of fixtures to test. Products were selected based on their availability in the consumer retail market. Initially, PEARL sponsors went to retail stores to see what products were available. Then, the products from the compiled list were purchased and shipped to the LRC for testing.
Product Purchasing and Sampling
For details on product purchasing and sampling, please refer to PEARL Cycle Three Final Report and PEARL Cycle Four Final Report.
Product Testing
PEARL tested the CFL products against the ENERGY STAR specification dated August 9, 2001, and tested the fixture products against the ENERGY STAR specification Version 3.1 that was effective on April 1, 2002. All CFL and fixture testing was performed at the LRC. Product verification and compilation of results were also completed by the LRC.
For details on testing parameters and test methods please refer to PEARL Cycle Three Final Report and PEARL Cycle Four Final Report.
RESULTS AND DISCUSSION
The testing results of all CFLs and fixtures are presented in PEARL Cycle Three Final Report and PEARL Cycle Four Final Report, along with discussions of other quality problems that LRC found about the products during the testing and some recommendations on possible modifications to Energy Star specifications. For more details please refer to PEARL Cycle Three Final Report and PEARL Cycle Four Final Report.
CONCLUSION
In Cycle Three, 56% CFL models failed to meet the requirement of lumen maintenance at 40% rated life, and almost all covered lamps and reflector lamps failed this requirement.
In Cycle Four, 95% of the CFL models tested meet the Efficacy requirement, 72% met Rapid Cycle Stress Test requirement, and 63% met 1000-hour lumen maintenance requirement. All eight indoor fixtures met System Efficacy requirement and two failed to meet Lamp Start Time requirement.
In Cycle Four, covered lamps and reflector lamps have a lower rate of meeting the 1000-hour lumen maintenance requirement. This agrees with our finding from PEARL Cycle Three ---covered lamps and reflector lamps tend to be problematic, probably due to the raised ambient temperature for the fluorescent tube inside the housing of the cover or reflector. This conclusion also agrees with the research findings from LRC in the past ---extra heat affects fluorescent lamps' performance adversely.
As shown in previous cycles of PEARL program, products from different manufacturers continue to perform differently, and there is one model from a certain manufacturer that had all five samples failed before reaching 40% of rated life.
Other quality problems exist besides the Energy Star specified parameters, such as reflector glass cracking under heat and inconsistent claims and packaging for different samples of the same model. The calibration procedure enables the integrating sphere system (ISS) to measure photometric output of test lamps. The process involves the determination of the relative spectral response of the ISS and normalization of the photometric output to a known flux standard(s). The relative spectral response is determined by comparing a spectral irradiance standard with the system response to the standard. This is done over the desired range of wavelengths. Once the relative spectral response is determined the flux standard(s) is used to normalize the system output to the known photometric output of the standard.
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Standard lamps used for calibration
The following spectral/flux standards were used in the calibration process. All standards are traceable to NIST.
Relative spectral irradiance standard • Computer controlled data acquisition system (using GPIB)
Sphere Calibration Procedure
The whole calibration process involves three steps: − Wavelength calibration − Relative spectral response calibration − Flux calibration
Wavelength calibration
The monochromator system is pre-calibrated for wavelength. The experimental procedure was to determine possible changes in the pre-calibration due to shipping/handling etc.
The spectral (HgCd/10) lamp was mounted at the center of the sphere. It was turned on and stabilized for about 20 minutes before the test. A spectral scan from 360 to 650 nm at 0.2 nm intervals was taken using the monochromator system. Known spectral peaks for Hg and Cd were compared against the measured peaks. See Figure 2 .
Relative Spectral Response Calibration
The relative spectral response of the ISS was determined using the spectral irradiance standard lamp 94406. The spectral data for the lamp were imported to the software program (software supplied by Optronic Laboratories).
The DC power supply was used to power up the lamp. The current limit was set at 7.204 A, and the power supply was operated at the constant current (CC) mode. The DC voltage across the shunt was monitored using the Data acquisition/switch unit to maintain the lamp current. The lamp voltage was measured using the multimeter. Lamp was stabilized for about 15 minutes before the scan. The room temperature was recorded at regular intervals.
A spectral scan from 350 to 800 nm was taken using the double monochromator system. The relative spectral response of the system is the ratio of the standard spectral data of the lamp to that of scanned data (the software program does the math automatically) for the wavelength range from 350 to 1100 nm. Figure 4 illustrates the system spectral response calibration curve.
Even though there was a slight discrepancy (figure 3) in the measured spectral power distribution of the spectral standard (94406) around 600 nm region, it produced close results of the reported CCT and chromaticity coordinates. Therefore the error introduced by placing the lamp inside the sphere is assumed negligible.
Flux calibration
The flux calibration was done using two flux standards RPI_2 and RPI_3 (calibrated at NIST). The lamp (RPI_2) was mounted at the center of the sphere. The DC power supply was used to power up the lamp. Current was set at 5.728
A, and the power supply was run at the CC mode. Lamp was stabilized for about 15 minutes before the test. The lamp current was monitored using the Data acquisition/switch unit to maintain the lamp current. The lamp voltage was measured using the multimeter. The room temperature was recorded at regular intervals.
A spectral scan from 350 to 1100 nm was taken using the double monochromator system. The same procedure was repeated for the lamp RPI_3. Photometric calculations were performed using the software program. The photometric output for each lamp was used to obtain the normalization factor to find the absolute luminous flux.
The flux standard RPI_1 was tested using the calibrated ISS to check the calibration. The lamp was operated using the same DC power supply similar to the manner described above for RPI_2 and RPI_3 at the specified current of 5.725 A.
Calibration of the working standard
The working standard was calibrated using the calibrated ISS. The lamp (working standard) was mounted at the center of the sphere. The DC power supply was used to power up the lamp. Current was set at 5.728 A, and the power supply was run at the CC mode. Lamp was stabilized for about 15 minutes before the test. Stabilization was determined by monitoring the lamp current. When the lamp current changes less than 0.01% within 3 minutes, the lamp is considered as stable in its current and its light output. The lamp current was monitored using the Data acquisition/switch unit to maintain the lamp current. The lamp voltage (29.468 V, at the lamp leads about 6 inches away from the actual lamp terminals) was measured using the multimeter. The room temperature was recorded at regular intervals.
A spectral scan from 350 to 800 nm was taken using the double monochromator system. Photometric calculations were performed using the software program.
The auxiliary lamp (12 V, Quartz halogen) was used to determine the selfabsorption factor for flux standards. The DC power supply was used to power up the lamp. Current was set at 2.869 A, and the power supply was run at the CC mode. Lamp was stabilized about 10 minutes before the test. Two spectral scans from 380 to 800 nm were taken with and without the unlit flux standard RPI_1 inside the sphere. The software program was used to determine the numerical sum of each scan, and the ratio was used as the self-absorption factor.
Other Equipment 
